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Numerous capture-recapture studies of amphibians have used
the unique color patterns of certain amphibian species to “mark”™
individuals, recording pattern information with sketches, photo-
graphs, or a coding system (Andrecne 1986; Forester 1977; Gill
1978; Kurashina et al. 2003; Marvin 1996; Nace et al. 1973; Nijhuis
and Kaplan 1998; Tilley 1980). Such non-invasive techniques are
preferred over physical alteration of an animal, which may in-
clude toe-clipping, visual implant elastomer, or other added marks
(Bailey 2004; McCarthy and Parris 2004; Murray and Fuller 2000;
but see Funk et al. 2005). Regardless, bias associated with any
individual identification method should be assessed and reported,
though this has been infrequent in amphibian capture-recapture
studies (but see Bailey 2004; McCarthy and Parris 2004; Muths et
al. 2000).

For long term capture-recapture studies to be successful, marks
must not be lost over time; this is assumed to be true for natural
patterns that serve as marks (Gill 1978). More importantly, marks
should not be overlooked or misidentified by observers. Reduc-
tion of observer bias in mark recognition is paramount in studies
that estimate population sizes and document long term trends.

The goals of our study were to: 1) quantify error rates in indi-
vidual identification through specific pattern mapping approaches;
2) address sources of error by developing a modified pattern map-
ping method; 3) compare bias associated with these two methods
and identify which method minimizes observer bias in both pat-
tern mapping in the field and individual identification in the lab;
and 4) determine the search effort necessary to find all individuals
in a dataset. We assessed bias in pattern rnatching of the Spotted
Salamander (Ambystoma maculamum), a mole salamander with con-
spicuous and distinctive yellow spot patterns.

Materials and Methods.—Weused data from March—April 2002
and 2004 for this study, To capture migrating spotted salamander
adults we used artificial cover objects (61 x 122 em plywood
boards) and a drift fence completely encircling Laura’s Pond, a
semipermanent fishless pond in Beltsville, Maryland (USA). We
digitally photographed the dorsal patterns of each salamander on
a flat surface using a Nikon® Coolpix 995 digital camera, in the
shade using the integrated flash to reduce glare. We did not sedate
or restrain salamanders.

Between 03 March and 08 April 2002, we employed a multi-
parameter {MP) method of pattern mapping (Table 1) based on a
modification of the Loafman method (Loafman 1991). All pattern
mapping was done in the field. We counted any spot> 1 mm span-
ning two body areas once (in the area which contained the major-

ity of the spot). Twenty observers (2-10 per visit) participated in
recording pattern data for 654 salamander captures. We entered
and sorted all pattern data in Microsoft® Excel™ spreadsheets;
each record represented one capture occasion and was associated
with its digital photograph. We used Microsoft® Photo Editor™ to
view multiple photographs at once. In the lab, we sorted spot counts
by the six body areas (Table 1). Individuals were identified by
comparing and matching digital photographs among these grouped
records. Of 378 individuals identified, 136 were captured more

- than once. We noted that for some of these individuals, recorded

pattern data varied among capture occasions. Because we had digi-
tal photos from each capture, we were able to verify that discrep-
ancies were due not to pattern changes, but rather to errors in field
data collection using the MP method.

We tested the hypothesis that the variation in field data recorded
using the MP method differed among areas of the body (e.g., head,
each leg, and body + tail). We selected at random a set of 50 indi-
viduals with multiple captures (mean number of captures per indi-
vidual = 3.82, range = 2~-13), and assessed the variation in re-
corded spot counts by body area between observations of each
individual. We hypothesized that head pattern data would have
the lowest observer bias based on Doody (1995), who observed
that head patterns often were sufficient to distinguish individual
Spotted Salamanders.

We compared the efficiency of the MP method to a reduced
parameter (RP) method of pattern mapping (Table 1) which we
hypothesized would facilitate pattern mapping in the field and in-
dividual identification in the lab. As in the MP method, a spot
spanning two body areas was counted only once. Other support-
ing pattern data also were recorded, including a categorical as-
sessment of the spots anterior to the gular fold [i.e., eye code,
where 0 = no spots by either eye, 1 = spot(s) by one eye only, 2 =
spot(s) by both eyes; see Nace et al. 1973], eye spot symmetry
{(yes/no) and gular spot symmetry (yes/no), where symmetry de-
scribes the same number of spots in mirror orientation across an
anterior—postedor midline.

To assess laboratory error, we tested whether the method of pat-
tern mapping (MP vs. RP) influenced the ability of observers to
identify individuals by matching pattern data and associated pho-
tographs. We also tested whether the ability of observers to iden-
tify matches varied based on the number of records, Two sets each
of 50 and 100 capture records were chosen at random from the
2002 (MP) data; individuals were manifested in these “test
datasets” as one record (one capture), or as a set of >1 records
(multiple captures or “matches”). The number of matches per
dataset was known; individuals were identified and verified in the
full set of pattern data. Based on the associated photos, a copy of
each file was then altered by cone of the authors (EHCG) to show
only the parameters pertaining to the RP method (Table 1), Five
observers were presented with the same 8 test datasets (2 MP and
2 RP datasets each of 50 and 100 records).

The observers identified matching records in the lab, recording
elapsed time between finding matches, as well as total time spent
on each test dataset. We created an “observer performance” ma-
trix {medeled after a traditional capture history matrix) where rows
represented each salamander capture record, and columns repre-
sented the classification results from each observer for each sala-
mander. Classifications were designated as either “correct” (match-



ing records or unique records

correctly identified as such) Ambystoma maculatum.

TaBLE 1. Descriptions of two pattern mapping methods used to distinguish individual Spotted Salamanders,

and received a value of “1,”
or “incorrect” (failure to de-

Method

tect matching records when

. Character
present) and received a value

Multi-parameter (MP)

Reduced parameter (RP)

of “0.” We combined the ob-
server matrices from all test
datasets for each method, and
tested whether the binomial
probability of correct classifi-
cation differed between: 1) the
two methods (MP vs. RP); 2)
the number of records pre-
sented to each observer (50 or
100); and 3) observers, using

Spot definition

Body areas counted

Description of head
spot pattern

Any yellow or orange spot
>1.0 mm maximum length or width

Six body areas:

1) total head spot count,

2) total body (torso+tail) spots
3-6) separate counts for each leg

No additional descriptors for
head spot location

Any yellow or orange spot,
regardless of size

Two body areas:
1) total head spot count,
2) sum of counts from the front legs

Additional descriptor codes for
head spot location and symmetry

the program CONTRAST

(Hines and Sauer 1989). We also calculated the average time to
find a match for each method, and estimated the number of searches
through a full dataset necessary to identify all matches correctly
by (1-p)’, where p is the probability of correct classification and ¢
is the number of searches by one observer.

We employed the RP method during 08 March to 14 April 2004
because fewer parameters were collected, thereby reducing field
handling time per salamander. We recorded a total of 592 capture
occasions of Spotted Salamanders. One observer searched the data
for matches, eliminating all secondary captures from the data set
(leaving only presumed initial captures and those records repre-
senting salamanders presumed to have been captured only once)
before searching again. We counted the actual number of search
iterations necessary to identify all individuals and compared this
to our estimated number of iterations based on the average classi-
fication probability of five observers from the test datasets.

Results.—Within the 50 Spotted Salamander individuals with
multiple captures from the preliminary assessment of the MP
method, the mean and variation in recorded spot counts for the
head (mean = 0.48, var = 0.51, range = (-5 spots) and legs (mean
=0.88, var = 0.58, range = 0--3 spots) were smaller across capture
occasions than for the body (mean = 1,48, var = 1.01, range = 0
6 spots).

Comparing the MP and RP methods in the test datasets, the prob-
ability of correct classifications was high for all observers between
both methed [p,,, = 0.97 (SE = 0.005), p,, = 0.96 (SE = 0.005); x*
= 0.88, P = 0.35] and the number of records presented to the ob-
servers [p,, = 0.97 (SE = 0.006), p,,,, = 0.96 (SE = 0.004); x* =
0.51, P=0.48]. Observers did not differ in their ability to classify
records correctly (mean p,__ ... = 0.96; x> = 5.86, P = 0.21), al-
though actual correct classification varied (MP: mean = 80 + 23
%, range = 33 to 100 %; RP: mean = 74 + 27 %, range =0 to 100
%). Of 1500 total records (5 observers x 2 sets x [100 + 50 sala-
manders]) in test datasets per method, observers incorrectly clas-
sified 52 (3.5%) MP and 60 (4.0%) RP records. The amount of
time spent searching for matches did not explain the proportion of
correct classifications (Fig. 1). Assuming that the mean observer
detection probability (p) does not change as observers find more
matches in a dataset, we estimated that a minimum of four searches
through the data are necessary to identify all individuals (Fig. 2).

Comparing these results to our 2004 data collected using the RP

method, we found that the actual probability of correct classifica-
tion was less than our estimate (p,,, = 0.90 vs.p__ .. = 0.96,
Fig. 2), and the number of iterative searches necessary was greater
than our estimate (¢ = 8 searches, Fig. 3). The probability of incor-
rect classification decreased over the 8 searches (1-p; Fig. 3).
Discussion.— The MP and RP methods were comparable in ef-
ficiency and accuracy in identifying individuals in the lab, and the
probability of correct classification was independent of method,
number of records, or observer. This suggests that the method of
pattern mapping does not affect the ability of observers to match
individuals in small datasets, provided that supporting data allows
records to be grouped. Observer performance, measured by num-
ber of incorrect classifications, was slightly better using the MP
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FiG. 1. The proportion of records matched (where a “match” is defined
as >1 records representing multiple captures of an individual) vs. time
spent by 5 independent observers using Spotted Salamander ( Ambystoma
maculatum) pattern data from Laura’s Pond in Beltsville, Maryland, USA.
Each series represents one of two replicates from the 2002 test datasets
(MP method) with 100 individuals each. One dataset had 21 possible
matches, while the other had 26 possible matches. Not surprisingly, a
greater number of potential matches present in a data set requires a longer
amount of time to identify the complete set of matches.
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Fic. 2. The estimated (using test datasets) and actual probability (using
2004 field data) of incorrect classification (1-p), or missed matches, in
Spotted Salamander pattern data. The number of searches represents it-
erations necessary for one observer to search a data set and identify all
possible individuals, estimated by (1-p), where p is the probability of
classifying a record correctly and does not change, and ¢ is the number of
searches. The mean valuep_, = 0.96 was estimated from 5 indepen-
dent observers searching 8 test datasets, and the value p,,, = 0.90 repre-
sents the actual classification probability from the first iterative search of
the 2004 RP data collected in the field.

¥

method. However, we observed that the RP method reduced the
time to handle and record pattern data in the field. This likely re-
duced stress on the animal, particularly those captured multiple
times, and therefore we prefer the RP method.

Inconsistent pattern mapping in the field (field error) prevented
some records representing the same individual from becoming
grouped when sorted in the spreadsheet, and thus matches within
these groups may have been missed. Variation in pattern data over
multiple captures of the same individual may have partially re-
sulted from our size-restricted “spot definition” (Table 1) in the
MP method,; this restriction was removed in the RP method. Field
error due to transpositions of spot counts for right versus left or
front versus rear leg were eliminated in the RP method by sum-
ming spot counts for both front legs. Qut-of-focus pictures, poor
lighting/contrast, and photos that did not show the entire pattern
clearly also could have resulted in missed matches. Problems in
field photography were not addressed here, but could be elimi-
nated by using standardized photographic procedures (e.g., Doody
1995; Ravela and Gamble 2004).

To identify all individuals from capture records, we found that
multiple searches through the data by one observer were neces-
sary. Eliminating one record from each matching pair in the data
set after each search reduces the number of capture records to com-
pare. The number of individuals represented by multiple records
in a data set will naturally affect the amount of time necessary to

detect all individuals (Fig. 1). In our 2004 data set, 8 iterations of
sorting and matching records were necessary to identify all indi-
viduals (Fig. 3). However, the presence of a small amount of er-
ror in classification may not severely affect the estimates of popu-
lation size (Miller et al. 2002). An assessment of the relative con-
tribution of the two types of error investigated here (i.e., field er-
ror vs. laboratory error resulting from missed matches in the
dataset) can contribute to decisions regarding whether a small
amount of error in detecting matching records in the lab can be
tolerated. Our results suggest that the probability of false matches
(classifying records as matches when they are not) is probably
small. The probability of incorrect classification fell below p =
0.02 after 3 searches through the data set (Fig. 3), suggesting that
fewer searches may not appreciably affect population estimates.
Previous studies have used counted parameters alone (Loafman
1991) or photographs alone (Bailey 2004; Kurashina et al., 2003)
to identify individuals using pattern data. Incorporating support-
ing information with photos or drawings helps to increase the ef-
ficiency of identifying individuals (Gill 1978; Nace et al. 1973).
We summarize pattern data in spreadsheet software, which allows
us to sort the data and group records with similar characteristics
(e.g., number of head spots), and then compare photos within
groupings. In studies where relatively large numbers of salamander
captures are possible, this combination of data types may facili-
tate the identification of individual salamanders by narrowing the
number of records to compare, and digital photos allow the con-
firmation of matches. This approach is specific to discrete and
enumerable pattern features such as spots, though it might be ap-
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Fic. 3. The observed probability of incorrect classification by the num-
ber of searches of the 2004 field-collected data using the RP method.
After each search, any records designated as secondary captures were
removed from the data set prior to a subsequent search (leaving only pre-
sumed initial captures and those salamanders presumed to be observed
only once). The probability of incorrect classification (i.e., missed matches)
decreases with successive searches through the data. All individuals were
identified by the 8" iteration of the successive searches; the 9% search
confirmed that no additional matching records were present.

Herpetological Review 37(1), 2006 39



plicable to other elements of pattern. Future advances in technol-
ogy (i.e., ambystomatid pattern-recognition software, Ravela and
Gamble 2004; D. Church, pers. comm.) will automate the process
of identifying individuals. Pattern recognition research is progress-
ing in the field of facial recognition (Zhao et al. 2000), and this
emerging body of literature (and associated products) can have
practical applications for wildlife biology. Even with automated
pattern recognition, a subset of computer-determined individuals
may require validation using methods similar to the process we
present (see also Whitehead 1990; whale fluke identification). Re-
gardless of method, some assessment of bias is useful in evaluat-
ing whether a technique violates the assumptions of capture-re-
capture modeling (specifically 1) that marks are not lost during
the period of study and 2) observers can recognize marked indi-
viduals, and do not designate marked individuals as new captures).
Validation of data subsets can allow investigators to evaluate a
marking approach, and thereby qualify the derived estimates of
population size or trend.
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